Degradation of emerging organic compounds in saturated porous media is usually postulated 9 as following simple low-order models. This is a strongly oversimplified, and in some cases 10 plainly incorrect model, that does not consider the fate of the different metabolites. 11
In general, the literature on SMX degradation in both WWTPs and natural aqueous 52 environments is marked by inconsistent results. This is supposedly because elimination 53 amounts and rates depend on various environmental factors such as in situ redox potential, 54 available nutrients, soil characteristics, seasonal temperature, microbial adaptation, and light 55 variations (Müller et al. 2013 ), all such factors being site-dependent and temporally variable. 56
Based on field observations and laboratory experiments, it is postulated that degradation 57 of SMX is biologically mediated and occurs preferentially under strictly anaerobic conditions 58 4-nitro-SMX was detected and quantified in both experiments, whereas a second metabolite, 171 desamino-SMX, was also detected in NDL experiment (it was not monitored in BAR). After 172 denitrification was over (BAR) or close to being complete (NDL), the two metabolites were 173 virtually depleted in the system, while SMX reappeared, reaching concentration values of the 174 same order than the initial injected ones. At this point it is relevant to state that the NDL 175 experiment involved an initial concentration of SMX 1000 times larger than that of BAR (recall 176 Table 2 ), indicating that the process was not an artifact attributable to high or low input 177
concentrations. 178
Regarding the abiotic experiments, the concentration of SMX remained constant during 179 all the duration of the experiment indicating that SMX depletion in the biotic experiments was 180 driven by biological activity (Figures 2a-f) . 181
Concerning the mass balance of SMX compounds, the BAR experiment showed a gap 182 during the denitrification phase, and by the end of the experiment the concentration of SMX 183 was about 75% of the initial value (Figure 2c ). On the other hand, the mass balance in NDL had 184 a sudden decay of about 45% at the first sampling point (day 5) and from then on it remained 185 approximately constant until the end (day 90) of the experiment (Figure 2f ). As experimental 186 conditions were similar in the two experiments, we assumed that the gap observed in the 187 mass balance of BAR could represent the formation of the desamino-SMX metabolite (not 188 measured). Thus, it seemed that a part of SMX disappeared in an unknown pathway when 189 denitrification started (25±5% and 45±2% in the BAR and NDL experiments, respectively) 190 whereas the remainder was fully transformed into 4-nitro-SMX and desamino-SMX. These two 191 compounds were unstable metabolites that were re-transformed into SMX, the parent 192 compound, when nitrate and nitrite were (almost completely) depleted. 193
Conceptualization 194
The generation of the two metabolites 4-nitro-SMX and desamino-SMX in the BAR experiment 195 was ascribed to the denitrification activity enhanced by the presence of a large external source 196 of organic carbon. In both metabolites the key point is the substitution of the primary amine of 197 sulfamethoxazole by different radicals. The formation of 4-nitro-SMX implies the nitrosation of 198 the primary amine of SMX, whereas desamino-SMX involves the deamination process again of 199 the primary amine. From these considerations, we propose the next conceptual model 200 (summarized in Figure S1 produced by the re-oxidation of ferrous iron (II) to ferric iron (III) taking place on the surface of 248 goethite, which facilitates the break of the SMX molecule. As Fe(II) was previously produced by 249 biological reduction of Fe(III), the degradation of SMX occurred, again, as a result of a co-250 metabolism process initiated by labile organic carbon degradation. 251
The conceptualization of this degradation process is summarized in Figure 4 . The 252 metabolite formed is the result of the breakage of the isoxazole ring. Following this break, four 253 metabolites can be formed (see Table 3 ), each one following a particular degradation pathwayNote that depending on the existing redox state, the metabolites generated are very 256 different. Whereas during denitrification the metabolites formed involve the reversible 257 substitution of the amine radical, during either aerobic or iron reduction conditions the 258 isoxazole ring is irreversibly broken, thus facilitating the eventual mineralization of SMX. 259 acceptor, as well as two reduction steps: (1) nitrate to nitrite, and (2) nitrite to dinitrogen gas 269 (see the matrix of rates and components in Table 4 and the complete denitrification reactions 270 in Supplementary Material). The general Monod expression for electron donor was: 271 
Model development
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The time evolution of denitrifying biomass was not measured. For simplicity, it was considered 282 constant in time, but active only after a certain elapsed time (lag phase). The actual value was 283 1 mM, consistent with available models of denitrification in batch experiments (Rodríguez-284
Escales et al. 2014). The lag phases were 1.8 and 3 days corresponding to the period of inactive 285 biomass for the BAR and NDL experiments, respectively. Nitrous acid concentration was 286 calculated considering its equilibrium with nitrite and a pKa of 3.15 (expression 3 at Table 4) . 287
On the other hand, nitric acid concentration was assumed equal to the proton concentration 288 since this acid is strong and its concentration depends on the limiting former (protons in this 289 case). 290
The rate expressions of SMX metabolite formation were defined for each one of the 291 processes already conceptualized in Section 2.2 and Table 4 . The formation of 4-nitro-SMX was 292 modelled as second-order with respect to nitrous acid (proportional to the square of the 293 concentration) and as a first-order (linear) with respect to the SMX concentration, resulting in 294 a global third-order expression. On the other hand, desamino-SMX formation was modelled as 295 a third-order kinetic expression, being first-order with respect to organic matter (methanol), 296 nitrous acid and SMX (see Table 4 for the actual expressions). The retransformation of 4-nitro-297 SMX into SMX was modelled as a first-order degradation with respect to the metabolite. This 298 model was previously applied in a side experiment of Nödler et al. (2012) , where 4-nitro-SMX 299 was converted into SMX in absence of denitrifying conditions and oxygen. Finally, the 300 retransformation of desamino-SMX into the nitro compound was considered first-order with 301 respect to the nitric acid and the metabolite, resulting in a second-order expression. The 302 election of these rates orders was the outcome of the calibration process including the 303 development of an appropriate conceptual model. Note that the order of the described 304 expressions matched to the stoichiometry of the reactions for abiotic and not catalyzed 305 reactions (see Figure S1 from Supplementary Material and ], and
]; is the portion of methanol in the organic matter, 0.43 in BAR and 314 0.94 in NDL. Note that the rate of SMX would be equal to the sum of (9) and (10) with a change 315 of sign, as we assume
the initial concentration 316 of SMX). 317
Regarding the parameters of the model, the stoichiometric ones were determined from 318 the reactions of denitrification (Table 4 and found at deeper layers. The number of sites at those deep layers can be best modeled using a 342 fractal approach, so that the reaction rate is best described by a power law. Thus, the 343 governing equations are: 344 orders of magnitude different, it is evident that the parameters were not able to be compared. 375
Furthermore, the high concentration of SMX in NDL experiment could represent some type of 376 biomass inhibition and could be another reason for such differences. Nevertheless, we did not 377 have enough experimental data to characterize if this existed and if it had any consequence. 378
Regarding the degradation of SMX under iron-reducing conditions, the best fit was 379 obtained using the automatically calibrated by PEST parameters (see section 3.1.1) and they 380 are listed in Table 5 , and the actual fit to data is displayed in Figure 5 . Actually, in the same 381
Figure the fit with an exponential model is also presented, here focused only on early time 382 data, to show the transition in behavior as a function of time. Note that all potential 383 degradation pathways described would be naturally limited by the low amount of organic 384 carbon in the subsoil. Besides this, iron-reducing conditions will only be reached when all the 385 previous redox states were ended. Thus, the amount of organic carbon supplied to the system 386 is key. Once iron reducing conditions were achieved, the degradation of SMX is achieved in 387 hours ( Figure 5) . 388
Potential extensions to real field site applications 389
The converge, such as rural areas where nitrate and veterinarian antibiotics coexist (García-Galánwhich is not always present in organic matter, we expect that in real site applications 4-nitro-405 SMX will be the dominant metabolite. If we consider that alcohol and, therefore, desamino-406 SMX are not present, we could assume that SMX would only transition to 4-nitro-SMX. 407
There is an increasing concern in the possibility that metabolites produced during the 408 degradation of emerging compounds will be more hazardous to either human health or 409 ecosystem than the parent itself. For that, we compared the LC 50 for Daphnia sp. (after 48 h) 410
and fish (after 96 h) calculated by ECOSAR packet of EPI-SUITE (USEPA 2012), for all 411 metabolites evaluated in this work (Table 6 ). Both Daphnia sp. and fish were used as proxys of 412 the full ecosystem. In Table 6 we have also included partition coefficients as well as solubility 413 for each compound in order to compare the impact to the environment. Although the 414 presented concentrations of toxicity are referred to the acute toxicity and they are much 415 higher than the environmental concentrations of SMX, they serve as a comparative criterion. 416
Overall, 4-nitro-SMX was the most toxic compound (lowest LC 50 ). The toxicity was associated 417 to the nitroaromatic compounds which are acutely toxic and mutagenic, and many are 418 suspected or established carcinogens (Ju and Parales 2010). On the other hand, metabolites 419 conserving the isoxazole ring (Product II in Table 3 K ow indicate that all the metabolites will remain mainly in water, with low absorptivity rates 427 into solid phases. 428
From the combination of reversibility and environmental fate/risk, it seems reasonable 429 to conclude that the most efficient degradation path to remove all presence of SMX from 430 groundwater bodies involves allowing the aquifer to reach iron reducing conditions. We want 431 to stress here that this conclusion is only valid for SMX, and thus a potential intelligent 432 methodology to eliminate a cocktail of emerging organic compound and their metabolites 433 would be to allow the aquifer to reach many different redox states, each one of them being 434 the most efficient one for the degradation of a given molecule. At this point there is a need in 435 the future to investigate many more molecules and even the synergic effect of injecting 436 several compounds together. 437
In any case, and indistinctly to the redox process, the degradation of SMX is driven by 438 The shortest reported characteristic time for degradation of the SMX molecule 478 corresponds to iron reducing conditions. Also, in this case, it was found that the metabolites 479 produced under iron reducing conditions are the most convenient in terms of minimizing totalone of them is expected to behave differently and to be best degraded for some specific redox 482 conditions. Thus, in real field applications the optimal combination to degrade a suite of EOCs 483 would be to enhance redox zonation by an engineered introduction of organic carbon in the 484 aquifer. 485
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